This paper investigates the relationship between South Africa's total electricity intensity and that of the OECD members, a very important trade block. These results will assist in ascertaining possible scope for improvement, if such exists. This is necessary as electricity is an essential input for production, and hence it affects the competitiveness of the country.
Introduction
Improving the electricity efficiency of a country is an important step towards decreasing greenhouse gas emissions originating from fossil fuel-based electricity generation and consumption. Studying the intensity of electricity usage (the quantitative measure of electricity efficiency) is important from an electricity/energy policy-making perspective since it is a measure that combines the electricity consumption with the economic output [1] . It is equally imperative for the authorities to understand how electricity demand will change under conditions of structural change in the economy [2] .
In the past, a large number of studies were conducted to identify the dynamics, determinants and characteristics of electricity intensity in both developed and developing economies [3, 4, 5, 6] . From these studies it is derived that electricity intensity first increases as a consequence of rising economic growth and development, but subsequently falls as a result of a shift to a services-based economic structure [7] . This trend can be compared to the famous environmental Kuznets curve [8, 9] and applied to electricity intensity. A general policy objective is to "tunnel through" the curve and, hence, the need to compare one's own position relative to the objective, i.e. the downward trending side of the graph. This is to be followed by policies to achieve such tunnelling.
In this paper we seek to answer the question whether South Africa follows the international trends regarding electricity intensity. We do this by conducting a comparison between South Africa's national and sectoral electricity intensities and the equivalents thereof of the member countries of Organisation for Economic Co-operation and Development (OECD), main trading partners with South Africa. The main reason for focusing on the electricity intensity and not on energy in general is the fact that the energy sector is too diverse for a comparative analysis. For instance, the intensity trends in the use of petrol are dependent on whether the country in question is an oil-producer or not. However, both the OECD members and the South African electricity sectors present similarities, especially regarding their electricity generation which is regulated and controlled by monopolies. Hence, we argue that energy in general would not be a comparative indicator within the selected groups of countries.
While this exercise will indicate whether there is any scope for improvement on a national level from a South African perspective, it will also do so on a disaggregated sectoral level for at least two reasons. First, the economic sectors of a country have dissimilar economic and energy characteristics and it is therefore important to understand these differences [10] .
Second, not all the economies produce the same basket of goods in the same proportion.
Hence, there is a need to examine the country's electricity intensity profiles on a sectoral level to be able to make comparisons as well as use examples of successful case studies [11] .
The next section of this paper will introduce the meaning of electricity efficiency and intensity as well as the current situation of electricity efficiency in South Africa. This is followed by the description of the data used and an international electricity intensity comparison on both a national and a disaggregated sectoral level. Finally, we conclude with a discussion of the findings.
Background

Electricity efficiency and intensity
The definition of electricity (or energy) efficiency seems to be complex and depends largely on the context within which the term is being used 3 . An economist, a politician and a sociologist may all have different definitions for such efficiency measures. When the Energy Information Administration (EIA) [12] asked participants in workshops to define "energy efficiency", the answers varied ranging from a service to a mechanistic perspective. The
World Energy Council [13] , however, provides the following guiding definition: The importance of electricity efficiency cannot be overstated. Policies to this effect have globally been accepted as one of the most economical ways towards the reduction or slowing down of the increasing energy demand as well as its cost and environmental effects.
Repetto and Austin [14] further demonstrate the significance of electricity efficiency improvement for positive results not only in the energy sector and the environment, but also in the economy as a whole. In order to measure electricity efficiency, the EIA [12] propose two methods. First, there is the so-called market-basket approach and, second, the comprehensive approach. The first approach refers to the estimation of the energy 3 It should also be noted that, as indicated above, this manuscript focuses exclusively on electricity. In literature, however, the discussion about the method of determining electricity efficiency is often done under the umbrella of energy efficiency. Hence, when referring to energy efficiency, it is to follow the convention of establishing the way of estimating such, but here we apply it exclusively to electricity.
consumption for a set of electricity services based on their share in an index computed as the Index of Industrial Production. The second approach refers to the estimation of broader indicators that measure the after-effects of electricity efficiency changes.
In contrast to the above, Mukherjee [15] proposes an approach from a production theoretic perspective. His measurement models are founded on the objectives of energy management and cost minimisation as well as the capacity output of the economy. The conceptual difficulty in the analysis of energy efficiency, according to Bosseboeuf, Chateau & Lapillonne [16] , is that the evaluation and progress thereof is made after the implementation of energy efficiency policies. There is therefore a temporal, and even spatial, decoupling of the policy and its implementation, and that which is measured and Following from the above, energy (read also electricity) efficiency is therefore often measured in terms of the change in energy intensity in an effort to describe more accurately its quantitative nature. Energy intensity, in turn, is defined as the ratio of energy consumption to a unit of measurement (e.g. floor space, households, number of workers, GDP per capita) [12] . In response to Freeman, Niefer & Roop [17] , who critically assess the commonly used energy intensity indicators for analysis particularly of the industrial sector,
Andrade-Silva and Guerra [5] argue that there are six possible ways of calculating the energy intensity. The existence of different measures is based on the definition of energy intensity as the energy consumption (numerator) divided by the production or economic activity (denominator) of the economy. Energy consumption can be measured according to its thermal equivalence (in joule), or in economic terms (price).Accordingly, the economic activity of a country can be measured as the value added, value of delivered goods (production value minus the value of inventories) or production value [5] .Therefore, the proposed measures, in accordance with Bor [18] ,are: extensive energy use in the country. Its national target for electricity efficiency was to improve efficiency by 12% by 2015.It is admitted in the document that this target can be questioned and challenged, but the target was set in the wake of the fact that the country was the seventh biggest emitter of greenhouse gases on a per capita basis [24] , the national electricity intensity was almost twice the average of the OECD countries, and that efficiency improvements are a necessity. The strategy, however, had limited impact to date and is currently being revised. This is clearly illustrated in Figure 1 . Nevertheless, owing to a lack of data for the following years, it is not yet possible to determine whether this is a permanent change in the overall electricity intensity or it is only a temporary drop.
Take Figure 1 However, if only the industrial, transport and agriculture sectors' electricity consumption is included in the calculation, a lower intensity is observed with the growth not being as steep as before. Large inter-sectoral variations, however, exist as can be seen in Table 1 . In the first column, the sectors are ranked based on their electricity intensity levels in 2006 from the more intensive to the more efficient. This is compared to the sector's contribution or share to output and its relative ranking.
Take Table 1 The three most electricity-intensive sectors in 2006 were 'basic metals' (which includes 'iron and steel' and 'non-ferrous metals'), 'mining and quarrying' and 'non-metallic minerals', while 'agriculture and forestry' was fourth in the ranking. The 'construction', 'transport equipment', 'machinery and equipment' and 'food and tobacco' sectors were the most electricity-efficient sectors of the economy. Various anomalies, however, exist when comparing the relative size of the sector to its electricity efficiency. The largest sector, 'chemical and petrochemical', has the sixth highest intensity whereas 'basic metals', the most electricity-intense sector, is only seventh in size. 'Mining and quarrying', on the other hand, is second both in terms of size and intensity. Therefore, there clearly are intersectoral differences that can and should be subscribed to sectoral characteristics and that have to be taken into account when considering any electricity efficiency plan. Given this general information, how does South Africa compare both on a national as well as sectoral level, with the OECD countries? We turn to this next.
Research method and data
Several studies concerned with inter-country comparison of electricity intensities have been conducted [16, 26, and 27] .However, these studies have encountered the following difficulties:
i) the heterogeneous definition of variables ii) the selected indicators to calculate electricity intensity (ratio: electricity consumption/ economic output) differ from country to country iii) the diverse interpretations of the ratios calculated
We tried to avoid these difficulties by estimating the electricity intensities for each country using the same definition (i.e. electricity consumption/gross domestic product (GDP)) and the same dataset. The group of OECD countries was selected for four distinct reasons: a) among the OECD countries, there is a group (admittedly a small minority) of developing countries (according to IMF classification); b) South Africa should be compared with international "best practice" in order to have the opportunity to learn and improve; c) the country's major trading partners as well as trade competitors are included in the OECD panel, hence it is more appropriate for South Africa to be compared against their industrialisation levels and their sophisticated energy sectors, and; d) South Africa has mixed characteristics resembling that of both developing and developed countries alike. This is also recognised by the Bureau of African Affairs [28] which argues that the country has a two-tiered economy: "… one rivalling other developed countries and the other with only the most basic infrastructure". The main aim, however, is not to be good among the developing countries, but to be good overall. Being compared with developed countries in energy matters is therefore appropriate given that South Africa's energy and industry sectors resembles that of the OECD.
Moreover, South Africa is one of the many non-member economies with which the OECD has working relationships in addition to its member countries [29] .The OECD Council at
Ministerial level adopted a resolution in 2007 to strengthen the co-operation with South
Africa through a programme of enhanced engagement. While enhanced engagement is distinct from accession to the OECD, it has the potential to lead to membership in the future. This makes South Africa a unique case of a developing economy that is not far from being considered a developed one.
Also, this group's data and definitions are consolidated under one umbrella organisation.
This limits the risk of data inconsistencies. The data for electricity consumption (total and sectoral) were obtained from the OECD's Energy balances for OECD countries [30] and the data for South Africa was obtained from the Energy balances for non-OECD countries [31] .
The national GDP data (in current prices) were derived from the World Economic Outlook
April 2010 of the International Monetary Fund (IMF) [32] . In order to achieve unilateral 
Comparative analysis
Comparing South Africa to OECD averages
In 1980 South Africa's electricity intensity was substantially lower than that of OECD countries (see Figure 2) .This is to be expected to some extent given the high level of welfare enjoyed by a minority of people based on an industrial sector that serviced only a few with limited focus on exports at that point in time. Given the country's skew income distribution, a skew electricity usage was also presented: the higher income sectors were the most electricity intensive too.
Take Figure 2 The country's electricity use rose since the early 1990s with the abolishment of sanctions, (536.5%), the starting point in 1990 was significantly lower than that of South Africa. intensities. Both their electricity consumption and output increased substantially, but the increase in consumption was higher than the growth in output and therefore their intensities experienced sharp increases. All the other countries' intensity levels declined over the study period indicating remarkable improvements in electricity efficiency.
South Africa and OECD member states: An economy-wide comparison
Take Figure 3b From the same graph it can also be observed that there is a statistically significant negative, or inverse, relationship between the level of electricity intensity in 1990 and its growth over the study period (See the Appendix for statistic results on the significance of the relationship). This implies that the higher the electricity intensity of a country in 1990, generally speaking, the more negative its growth was from 1990 to 2007.Countries such as Norway, Canada and Sweden, which were the most electricity intensive in 1990, were the ones that managed to decrease their intensity of electricity usage meaningfully, namely by 32%, 24% and 30% respectively. This is in contrast with Italy, Portugal and Greece, which had the lowest intensities in 1990, but the highest increases. South Africa, however, does not fit this trend well. It had an average electricity intensity in 1990 and yet it had the second highest increase (after Greece) of its intensity (117%). To determine the change in the country's relative position we calculated the weighted growth rate of each of the countries in order to take into account both the changes as well as the initial and final electricity intensity levels of the respective countries over the study period. We did this using equation (2) 
South Africa and OECD member states: A sectoral comparison
To investigate the differences among the industrial sectors, Table 2 The majority of the South African sectors were more electricity intensive than the OECD average. Only four out of thirteen sectors were more efficient than the OECD and they are 'construction', 'food and tobacco', 'machinery' and 'transport equipment'. The order of magnitude in which they outperformed their OECD counterparts was, on average, 150.5%
(average of weighted differences).This is in stark contrast to the degree in which the OECD sectors outperformed the South African ones: on average 980.7% (average of weighted differences).
Take Table 2 'Basic metals have the highest electricity intensity in both South Africa and the OECD countries. Comparatively speaking, however, South Africa's 'basic metals' sector was significantly more intensive (886%) than the OECD average before adjusting it to its respective size (or contribution to output) (644%).The most efficient sector was 'construction', mainly owing to its high labour intensity and lower use of electricitydemanding technologies. On top of that the South African 'construction' sector was significantly more efficient than the OECD average. The reasons why the 'construction' sector was more efficient compared to the rest can only be speculated owing to a number of inter-linked factors -one of them being the labour intensity of the sector. Also, all the South African sectors are more labour intensive in comparison with the OECD countries, especially 'construction', which is 600% higher than its OECD equivalents. The difference of the rest of the South African sectors to the OECD ones was in the range of 100-300%.The weighted difference shows that the South African intensity was 156% lower than the OECD average.
While the most electricity-intensive South African sectors(i.e. 'basic metals' and 'nonmetallic minerals') present high differences compared to the OECD average (877% and 2517% and weighted differences of 644% and 3169% respectively), 'mining and quarrying'
does not follow suit. The South African electricity intensity was 2305% higher than the OECD average. However, considering that the South African mining sector is a dominant one for the economy (14.6%) while it is a very small proportion of the OECD production (3%), the weighted difference is considerably lower (482%), albeit still very meaningful.
Discussion
It is evident from the above analysis that South Africa's electricity intensity was at a level much higher than that of the OECD countries and that the gap between South Africa and the OECD is also increasing at an alarming rate. While distressing, it also points towards the available scope for improvement. Not only is there scope, but improvement will also be necessary if South Africa is to remain competitive and trade with its OECD counterparts under the more stringent trade regimes, including carbon and climate change considerations, given that South Africa's electricity sector has a large carbon footprint [34, 35] .
South Africa has shown an increase in electricity intensity over the study period of 117% -more than doubling its electricity intensity from 0.32 to 0.71 GWh/$ million(PPP).This is in sharp contrast to the average of the OECD members (except Poland, Hungary, Mexico, Turkey, Slovakia and Czech Republic), which was only 10.09%.After weighing the growth by taking into account the different starting levels in 1990, it was evident that South Africa's performance was significantly worse than that of the OECD member states.
The economy-wide results show that South Africa is perhaps slowly reaching the level of development that would place it on the top of the environmental Kuznets curve with a positive but declining growth rate of efficiency. However it would be beneficial for South
Africa to learn from countries with high efficiency rates and maybe aim to tunnel through the curve, reaching the "other (or downhill) side" of the curve faster.
Furthermore, reaching a certain development level or income growth is a necessary but not sufficient condition to improve the country's electricity efficiency levels. As Yandle et al. [36] argue the improvement of efficiency levels and the environment together with economic prosperity is not automatic but relies on appropriate policies and institutions. Hence, highincome economies that do have the necessary and appropriate policies in place are placed on their way down the Kuznets curve in contrast to South Africa.
In order to identify the possible differences between the economic sectors of the OECD members to those of South Africa, we examined the differences between the South African economic sectors' electricity intensities and their equivalent of the OECD countries. Nine out of thirteen South African sectors are more intensive than their OECD equivalents, and by a considerable margin. Although 'basic metals', 'mining and quarrying' and 'non-metallic minerals' were the most electricity-intensive sectors, they presented the greatest gap between South Africa and the OECD, with these sectors in the OECD being more efficient. It was also observed that the economic sectors' electricity efficiency behaviours are radically different. Therefore, a sector-specific approach is required to improve efficiency levels in South Africa.
Next is to identify possible reasons that led the South African electricity intensity to a worse position than the OECD members (both developed and developing). One possible reason might be the low and stable prices of electricity in the country for the studied period. South
African producers were not concerned for electricity efficiency given the relatively low price levels of electricity over the period. contributed to the fact that less electricity was consumed in the country.
Conclusion
The study of the efficiency of electricity use has recently become an important topic owing to the linkage of high electricity consumption with the negative consequences of greenhouse gas emissions. The energy policy-makers should take into account the electricity efficiency of the economy because it is a measure that combines the electricity consumption with the economic output [1] .
South Africa's electricity intensity more than doubled from 1990 to 2007 (from 0.329 to 0.713) and the country's weighted growth was higher than the majority of the OECD members by a considerable margin. In addition, nine out of thirteen South African economic sectors are more intensive than their OECD counterparts.
either reduce its electricity usage or increase its production while keeping its electricity consumption stable. This can be done through a concerted industrial policy to enhance the use and development of electricity efficient appliances. Electricity price reform, such as what has recently been announced, whereby the electricity price level is significantly increased in conjunction with block rate tariffs which charges a higher rate to those that consume more, is also vital. A nation-wide demand-side management programme is also essential in the wake of these results in order to improve efficiencies. 
